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© An arrangement for prolonging the useful life of 
an electrochemical refillable implantable glucose 
sensor employing an enzyme material such as glu- 
cose oxidase immobilized on bulk particulate matter 
suspended in a fluid for reaction with components of 
bodily fluids and which enzyme material when ex- 
hausted or degraded after reaction may be replaced 
by fresh enzyme-loaded particles. 
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PATENT APPLICATION FOR IN VIVO REF1LLABLE GLUCOSE SENSOR 



Field of Invention 

This invention relates to a refillable implantable 
glucose sensor employing an enzyme such as glu- 
cose oxidase immobilized on a bulk powder such 
as very fine graphite particles which can be ex- 
hausted from the implanted sensor when spent and 
replaced by fresh enzyme-loaded particles, thereby 
prolonging the useful life of the implanted sensor. 



Background of the Invention 

Glucose sensors of the type employing en- 
zymes are well known. Many of these feature an 
"enzyme electrode" which consists of an immo- 
bilized enzyme such as glucose oxidase that cata- 
lyzes a chemical reaction involving glucose and 
oxygen-a reaction that involves the catalytic con- 
version of glucose to gluconic acid with simulta- 
neous consumption of oxygen. The resulting de- 
crease in oxygen may be measured by a current 
sensitive oxygen electrode. 

Various arrangements for glucose sensors are 
described in the following U.S. Patents: U.S. Patent 
No. 4,703,756 which utilizes first and second tan- 
dem sensor elements mounted in a catheter, one 
of which sensors acts as a reference and the other 
of which contacts glucose oxidase, whereby an 
electrical signal is produced indicative of the oxy- 
gen content differential between the two sensors; 
U.S. Patent No. 4,240,438 which uses a hydropho- 
bic membrane on which the glucose oxidase is 
immobilized and which senses the rate of oxygen 
consumption by the glucose contained in the 
blood; U.S. Patent No. 4,655,880 which provides a 
multiple electrode sensor for measurement of glu- 
cose concentration by comparing electron current 
flow in working and counter electrodes in relation to 
current flow in a reference electrode; U.S. Patent 
No. 3,979,274 which utilizes a laminated enzyme 
electrode with special filtering properties thereby 
eliminating the need for a compensating or refer- 
ence electrode; U.S. Patent No. 4,224,125 which 
has an enzyme electrode using an oxidoreductase 
and a redox copolymer acting as an electron me- 
diator in an enzymatic reaction maintained in an 
immobilized state on an electron collector or semi- 
permeable membrane; U.S. Patent No. 4,376,689 
wherein the coenzyme is immobilized directly on 
an electron collector [eliminating the need for a 
membranes whereby the activity of the enzyme on 
a substrate can be directly measured; U.S. Patent 
No. 4,418,148 employing a contiguous multilayer 
membrane structure enabling a more homoge- 



neous distribution of enzyme. 

At present there does not exist an enzyme 
type glucose sensor providing the advantage espe- 
cially for use in vivo [i.e., implantable] whereby the 
5 spent enzyme material may be replaced trans- 
cutaneous^. 



Summary of the Invention 

10 

The present invention provides an improved 
arrangement for an implantable electrochemical 
sensor such as a glucose sensor of the type in 
which the enzyme material degrades due to reao 
75 tion with components of bodily fluids, the improve- 
ment being that the degraded enzyme material can 
be periodically replaced with fresh enzyme material 
while the sensor remains implanted, thus prolong- 
ing the useful implanted life of the sensor. 
20 According to one embodiment of the present 
invention there is provided a bulk powder of fine 
particles each carrying immobilized enzyme ma- 
terial. The bulk powder is carried as a suspension 
in a fluid such as a saline water solution and thus 
25 may be transcutaneously injected into and dis- 
charged from an implanted sensor. The sensor has 
a housing defining an outer chamber bounded at 
its working end by an outer, hydrophilic membrane 
which enables bodily fluids to interact with a cath- 
30 ode and a reference electrode situated in the outer 
chamber. Within the outer chamber is an inner 
chamber bounded by an inner, hydrophobic mem- 
brane and containing a platinum anode adjacent 
the inner membrane. The inner membrane passes 
35 molecules such as glucose but not large mole- 
cules, water, or bodily fluids. The inner chamber 
contains enzyme material such as glucose oxidase 
material immobilized on particles of the bulk pow- 
der. The glucose oxidase reacts with the incoming 
40 glucose to deplete oxygen, and this is sensed by 
the anode to detect the amount of glucose. 

Also, in accordance with another embodiment 
of the invention, the stability of the enzyme ma- 
terial may be further improved by providing in the 
45 sensor an additional or central chamber containing 
a replenishable catalase enzyme material immo- 
bilized on particles of bulk powder carried in a 
suspension. The catalase material removes and 
neutralizes the hydrogen peroxide produced by the 
so reaction of glucose with glucose oxidase. The inner 
and central chambers each have recharge and 
discharge tubes fluidly coupled to respective im- 
planted charge and discharge reservoirs. The tubes 
channel the bulk powder in suspension carrying the 
fresh and spent glucose oxidase and catalase en- 
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zyrne materials. The anode, cathode, and reference 
electrode are each electrically or electromagneti- 
cally coupled transcutaneously to signal processing 
and monitoring circuitry positioned outside the 
body. 



Brief Description of the Drawings 

Reference is now made to the accompanying 
drawings in which like numerals represent like 
parts and in which: 

Figure 1 is a cutaway view in longitudinal cross 
section of a glucose sensor in accordance with 
an emobodiment of the invention; 
Figure 2 is a schematic circuit diagram of an 
arrangement for indicating readouts of glucose 
concentrations in accordance with an embodi- 
ment of the invention; and 
Figure 3 is a schematic diagram of a recharging 
and discharging arrangement for replenishing 
spent enzyme material in accordance with an 
embodiment of the present invention. 



Detailed Description of the Invention 

According to the embodiment of the invention 
shown in Figure 1, a glucose sensor 10 in accor- 
dance with the principles of the invention has a 
generally cylindrical housing 11 of any suitable 
inert material which does not deleteriously react 
with bodily fluids or tissue. Located within the 
housing 1 1 is a generally cylindrical inner housing 
13 of like inert material supported in spaced apart 
relation from the housing 1 1 by an annular member 
15, also of inert material. An outer membrane 17 
made of any suitable well-known hydrophilic ma- 
terial spans the extent of one end of the the hous- 
ing 11, hereinafter referred to as the working end 
1 9 of sensor 1 0. 

An inner membrane 21 made of any suitable 
well-known hydrophobic material covers the work- 
ing end of the inner housing 13. The inner mem- 
brane 21 underlies the outer membrane 17. Con- 
sequently, the spaced apart housings 11 and 13 
together with their respective membranes 17 and 
21 define an outer annular reaction chamber 23 
and an inner reaction chamber 25 concentric there- 
with. The inner chamber 25 is effectively enclosed 
or bounded at its working end by both the mem- 
branes 17 and 21 and at its other end by a fluid- 
tight transverse wall 26. 

Also, according to an embodiment of the inven- 
tion there may be provided a central housing 27 
located within the inner housing 13 and held in 
spaced apart relation therefrom by annular spacers 
29. The spacers 29 may be in the form of spoked 



rings of inert material so that enzyme material may 
easily pass longitudinally back and forth thereth- 
rough in the chamber 25. The central housing 27 
has a hydrophobic membrane 31 at the sensor's 

5 working end 19 spaced apart from the membrane 
21 and at its other end a transverse wall 32. The 
housing 27, wall 32, and membrane 31 define a 
central chamber 33. 

The other end of the sensor 10, referred to 

w hereinafter as the feed end 35 for purposes of 
convenience, has a fluid tight seal 37 made of any 
suitable well-known material non-reactive with bodi- 
ly fluids. The seal 37 defines the closed other end 
of the outer chamber 23 and can, if desired, be 

;5 used in place of transverse walls 26 and 32 to 
define the closed end of the inner chamber 25 and 
the central chamber 33. 

An insulated, electrically conducting lead 39 
passes fluidtightly through the seal 37 and extends 

20 longitudinally through the spacer member 15 into 
chamber 23. A reference electrode 41 composed 
of both silver and silver chloride is electrically 
connected to the lead 39 in the chamber 23. The 
reference electrode 41 may be immediately adja- 

25 cent to or in intimate physical contact with the 
outer membrane 17. 

Another insulated electrically conducting lead 
43 passes fluidtightly through the seal 37 and lon- 
gitudinally through the spacer member 15 and ter- 

30 minates in the outer annular chamber 23 at a 
cathode or counter electrode 45 made of any suit- 
able noble metal in the form of a helix or mesh or 
other suitable configuration to provide a large area 
of reaction located adjacent to or in intimate phys- 

35 ical contact with the outer membrane 17. A third 
insulated lead electrical 47 passes through the seal 
37 and terminates in the inner chamber 25 at a 
helical platinum anode or working electrode 49 
immediately adjacent to or in intimate physical 

40 contact with the inner membrane 21. 

The outer membrane 17 is of any suitable well- 
known material to permit the passage of bodily 
fluids therethrough into the chamber 23. Membrane 
17 prevents the entry of large proteins or other 

45 large molecules or particulate matter into the 
chamber 23. The hydrophobic inner membrane 21 
operates through molecular diffusion and is of any 
suitable well known material to enable the passage 
therethrough into the chamber 25 of only small 

50 molecules including limited amounts of glucose 
which may be present in bodily fluids. Water, large 
molecules, and large amounts of glucose are ex- 
cluded by the membrane 21. 

The inner chamber 25 is filled with the enzyme 

56 material such as glucose oxidase immobilized on 
and bonded to, i.e.. fixed to, bulk powder material 
which is preferably electrically conductive and may 
comprise very fine particles of graphite, indicated 
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by the numeral 51. Alternatively, the material 51 
may be constituted of very fine particles of nylon, 
polyethylene, polystyrene, or electrically conduct- 
ing polymers. The response or reaction time of the 
enzymes is advantageously somewhat shorter 
where the enzymes are carried on particles, espe- 
cially electrically conductive particles, such as 
graphite. This reaction time is longer where the 
enzymes are fixed as in the prior art, on probes, 
rods, or membranes. This is due to the movement 
of the particles and the better contact because of 
the small size and the electrical conductivity of the 
particles. The central chamber is filled with a cata- 
lase enzyme material generally indicated by the 
numeral 53. The catalase enzyme material is also 
immobilized and bondedri.e., fixed, to very fine 
particles of graphite in the same manner as the 
glucose oxidase. 

The glucose oxidase enzyme material 51 for 
chamber 25 may be prepared as set forth in the 
following Example 1.: Example 1.: 

[a] Add 10 mg of glucose oxidase to 42.5 Bo- 
vine Serum Albumin and 0.19 ml of 2.5% 
Giuteraldehyde to provide a cross-linked en- 
zyme; 

[b] To provide covalent linking of the glucose 
oxidase on modified graphite [i.e., glucose ox- 
idase immobilized on the particles], [1] add 2 g 
of fine graphite powder about 44 microns in 
diameter or less particle size to 0.15 M 1- 
cyclohexl-3-(2)morpholinoethyl, carbodiimide, 
metho-p-toluene sulfonate in 5 ml of 0.1 M ace- 
tate buffer pH 4.5 at 20 degrees centigrade for 2 
hours, [2] wash thoroughly with distilled water, 
then add 2 ml of 10 mg/ml glucose oxidase in 
0.1 M acetate buffer pH 4.5 at 4 degrees C for 3 
hours, and [3] wash with distilled water and dry 
in room temperature air; store the dry powder in 
refrigerator; 

[c] Add 120 mg of the immobilized glucose 
oxidase produced as in [b] above to the cross 
linked enzyme produced in [a] above. 

The catalase 53 for chamber 33 is produced as 
follows: 

[d] Add 1.8 mg catalase to 42.5 mg Bovine 
Serum Albumin and 0.19 ml of 2.5% Giuteral- 
dehyde; 

[e] Add 120 mg of fine graphite powder with 
catalase immobilized thereon in the same man- 
ner as described in [b] above for glucose ox- 
idase. [End of Example.] 

Also extending fluidtightly through the seal 37 
is an injection or charge tube 55 for introducing 
fresh enzyme material such as glucose oxidase 
into the inner chamber 25. The tube 55 terminates 
in an opening 57 located in the inner chamber 25 
near the inner membrane 21. A discharge or ex- 
haust tube 59 for expelling spent enzyme material 



from the chamber 25 has its opening 61 located 
near the feed end 35 of the sensor. 

A catalase enzyme charge tube 63 passes 
fluidtightly through the seal 37 into the central 
5 chamber 33 and has its open end 65 near the 
membrane 31. A catalase discharge or exhaust 
tube 67 also passes fluidtightly through the seal 37 
into the central chamber 33 and has its open end 
69 near the feed end 35 of the sensor and thus, its 
10 open end is relatively remote from the membrane 
31. As is well known in the art, the catalase en- 
zyme serves to decompose hydrogen peroxide 
generated by the oxidation of the glucose occurring 
in the inner chamber 25. This prolongs the useful 
15 life of the glucose oxidase. 

Referring to Figure 2, the leads 39, 43, and 47 
for the respective electrodes-reference electrode 
41, the counter electrode or cathode 45, and the 
working electrode or anode 49-are connected as 
20 inputs to a potentiostat amplifier 67. Such an am- 
plifier and the connections thereto for an enzyme 
glucose sensor are well known in the art such as in 
aforementioned U.S. Patent 4,703,756 and will not 
be described in detail. The working electrode or 
25 anode 49 puts out an electrical current having an 
amplitude proportional to the chemical process 
catalyzed by the sensor attached to it. In particular, 
the chemical process involved here is very well 
known in the art and is characterized by the de- 
30 crease in oxygen and production of hydrogen per- 
oxide resulting from the oxidation of glucose caus- 
ed by reaction of the glucose with the enzyme 
material in inner chamber 25. 

In a manner that is well known in the art, the 
35 working electrode or anode 49 provides a current 
having an amplitude proportional to the above- 
mentioned oxidation of glucose. The reference 
electrode 41 provides a calibrated reference volt- 
age for the operation of the potentiostat amplifier 
40 67. The cathode or counter electrode 45 provides a 
return path corresponding to the ground connection 
of amplifier 67. The current appearing on lead 47 is 
converted to a voltage proportional to such current 
by the amplifier 67, as is indicated by a voltage 
45 dropping resistance 69 across which may be con- 
nected a suitable monitoring or readout device 
such as a voltmeter 71. Of course, in a manner well 
known in the art, device 71 may be a voltage- 
controlled telemetering unit for transmitting a signal 
so to a remote location or may be any other suitable 
utilization device. 

Referring to Rgure 3, a charge tube or line 55 
and discharge or exhaust tube or line 59 for re- 
spectively replenishing and exhausting the enzyme 
55 material 51 in chamber 25 are shown in a replen- 
ishment system according to an embodiment of the 
invention. This system may also be used for han- 
dling recharging and expelling of the catalase en- 
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zyme material 53 located in chamber 33 via tubes 
63 and 69. Upstream from the feed end of the 
charge tube 55 is a reservoir 75 which may com- 
prise a bellows and a one-way valve 77 of any 
suitable well known construction. A first valve 78 in 
the discharge line 59 and a reservoir 79 which also 
may be of the bellows type located downstream of 
the feed end of the discharge tube 59 for handling 
the spent enzyme material. A second one-way dis- 
charge valve 81 is located downstream of the res- 
ervoir 79. All of these elements may be implanted 
preferably near the sensor. 

As further shown in Figure 3, the charge and 
discharge tubes 55 and 59 converge at a junction 
83 immediately adjacent valves 77 and 81 for tran- 
scutaneous reception of a needle or plurality of 
needles 84 via needle guide 85 of any suitable well 
known construction. 

The procedure for charging and discharging 
the enzyme material will now be explained. It 
should be understood that the same procedure 
applies to handling of both the glucose oxidase in 
chamber 25 and the catalase in chamber 33. When 
the enzyme material such as the glucose oxidase 
is spent or degraded after use, a needle is inserted 
in the guide 85 to deliver fresh enzyme material to 
the reservoir 75. The reservoirs 75 and 79 as well 
as the rest of the fluid handling system including 
the tubes 55 and 59 are at essentially atmospheric 
pressure. The enzyme material, for example, glu- 
cose oxidase immobilized on fine particles of 
graphite suspended in the fluid described above, 
enters the charge reservoir 75 thereby forcing the 
material therein to flow through tube 55 and from 
opening 57 into the inner chamber 25 of sensor 10. 
The slight differential in pressure caused by the 
injection of the fresh material causes the spent 
material to exit chamber 25 at the feed end 35 via 
opening 61 of the discharge tube 59 and flow via 
one-way valve 78 into the discharge reservoir 79. 
The one-way valve 78 prevents the spent material 
from backing into the chamber 25. 

Because the opening of tube 55 is proximate 
the region of the working end of the sensor near 
the membrane 21 and the electrode 49 in chamber 
25, during replenishment the fresh enzyme material 
tends to be concentrated in that region where it 
can interact with the incoming glucose while the 
spent enzyme material tends to move away from 
that region through the opening 61 of discharge 
tube 59 at the feed end 35 of the sensor. When the 
discharge reservoir 79 becomes full, an additional 
needle is employed via the needle guide 85 to 
exhaust the spent material from the reservoir 79 at 
substantially the same rate the fresh material is 
injected into the charge reservoir 75. If desired, two 
needles may be used simultaneously, one for in- 
jecting fresh material and one for exhausting the 



spent material. 

As stated previously, the recharging of the 
catalase material works in exactly the same way as 
described above for the glucose oxidase, the re- 

5 plenishment arrangement of Figure 2 providing re- 
charging of catalase via tube 63 and exhaust via 
tube 67 in the same manner as for respective 
tubes 55 and 59. 

In accordance with another embodiment of the 

w invention, the catalase enzyme material need not 
be employed, and thus, referring again to Figure 1, 
the central housing 27 and its associated elements, 
the membrane 31 and the tubes 63 and 67 may be 
eliminated. Consequently, in accordance with this 

75 embodiment, there is provided only an outer cham- 
ber 23 and an inner chamber 25 defined by re- 
spective housings 11 and 13 and the membranes 
17 and 21. Advantageously, in this embodiment the 
glucose oxidase enzyme material is preferably pre- 

20 pared as set forth in the following Example 2.: 
Example 2.: 

[1] Add 10 mg of glucose oxidase activity 
(50,000 units/0.29 g) to 42.5 mg of Bovine Se- 
rum Albumin (Sigma), and dissolve In 0.25 ml 
25 distilled water, then 0.55 ml phosphate buffer pH 
7.4.; 

[2] Add 0.18 ml (2.5%) Glutaraldehyde, the solu- 
tion being kept in a high moisture content at- 
mosphere for 60 minutes, and then left overnight 
30 for cross linking to take place; 

[3] Provide covalent linking of the glucose ox- 
idase on modified graphite powder in accor- 
dance with the procedure set forth in [b] above; 
and 

35 [4] Add 120 mg of the immobilized glucose 
oxidase produced in [3] above to the cross 
linked enzyme produced from steps [1] and [2] 
above. [End of Example.] 
Indications from tests employing apparatus 
40 constructed substantially in accordance with an 
embodiment of the invention show sustained re- 
sponsiveness of the sensor to variations in glucose 
over a continuous four-months period. This indi- 
cates that the use of bulk amounts of immobilized 
45 and/or cross linked enzyme greatly extends the life 
of the sensor and thus extends the period before 
refill is needed. 

Further, the rechargeable glucose sensor of the 
present invention provides these important advan- 
so tages: 

[i] continuous monitoring of glucose concentra- 
tion; 

[ii] long life time of several years afforded 
through recharging; 

55 [iii] small applied voltage; 

[iv] immobilization of enzymes on bulk par- 
ticulate matter enabling efficient reaction with 
glucose and accurate measurement on a linear 
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basis of glucose levels. 

While the invention has been desribed with 
respect to detection and measurement of glucose 
levels in bodily fluids, it should be understood that 
the invention applies also to other compounds or 5 
molecules including, but not limited to, amino ac- 
ids, lactate, or the like which exist in bodily fluids 
which are substrates for oxidase enzymes and re- 
quire a gaseous species to undergo enzymatic 
conversion. Also, the invention may be applied in a 10 
laboratory environment in connection with reactor 
vessels or other in-vitro settings. 



Claims 75 

1. The method of prolonging the useful life of an 
electrochemical sensor implantable in a living body 
and of the type employing an enzyme material for 
reaction with components of bodily fluids and 20 
which enzyme material becomes spent or deg- 
raded after reaction, comprising the steps of: 

[a] fixing the enzyme material on bulk particulate 
matter for reaction in the implanted sensor with 
a component of bodily fluids, and 25 
£b] recharging the implanted sensor with fresh 
enzyme material fixed on bulk particulate matter 
and removing the bulk particulate matter carry- 
ing the degraded enzyme material from the sen- 
sor. 30 

2. The method according to claim 1 wherein the 
bulk particulate matter is electrically conductive 
particles suspended in a fluid. 

3. The method according to claim 2 wherein the 
enzyme material is glucose oxidase and the com- 35 
ponent of bodily fluids is glucose. 

4. The method according to claim 1 wherein the 
particulate matter comprises electrically conduc- 
tive, particles in bulk powder form suspended in a 
liquid. 40 

5. An electrochemical sensor implantable for an 
extended period of time in a living body for sensing 
one or more components of bodily fluid compris- 
ing: 

[a] housing means having membrane means 45 
defining reaction chamber means into which one 

or more components of the bodily fluid may 
enter via said membrane means; 

[b] charge and discharge flow means coupled to 
said reaction chamber means for admitting to so 
and expelling from said chamber means par- 
ticulate matter containing an enzyme for chemi- 
cally reacting with at least one of said compo- 
nents, and 

[c] electrode means in said chamber means for 55 
producing electrical signals corresponding to the 
chemical reaction between the enzyme material 

and the component. 



6. The sensor according to claim 5 wherein said 
chamber means and membrane means comprises 
a first chamber having a first membrane for admit- 
ting bodily fluid into the first chamber and a second 
chamber having a second membrane for admitting 
a glucose component of said bodily fluid into the 
second chamber. 

7. The sensor according to claim 6 wherein the 
enzyme consists essentially of glucose oxidase sit- 
uated in said second chamber. 

8. The sensor according to claim 7 wherein said 
chamber means further comprises a third chamber 
containing a catalase enzyme material and said 
membrane means further comprises a third mem- 
brane for said third chamber separating said sec- 
ond chamber from the third chamber, whereby 
hydrogen peroxide resulting from the chemical re- 
action in said second chamber passes through said 
third membrane and is neutralized by said catalase 
enzyme. 

9. The sensor according to claim 5 wherein said 
particulate matter is carried in a liquid suspension. 

10. A glucose oxidase enzyme bulk powder ma- 
terial suitable for use as a chemically reactive 
material within a chamber of a glucose sensor 
implanted in a living body for chemical reaction 
therein between the glucose oxidase and glucose 
and further suitable for being carried in a liquid 
suspension whereby said material may be intro- 
duced into the chamber in a fresh state and may 
be discharged therefrom in a spent state, said 
material consisting essentially of: 

[a] a bulk powder comprised of fine particles: 

[b] a cross-linked enzyme consisting essentially 
of glucose oxidase mixed with Bovine Serum 
Albumin and Gluteraldehyde; 

[c] a quantity of glucose oxidase added to said 
cross-linked enzyme and covalently linked to a 
substantial number of said particles. 

11. The bulk powder material in accordance with 
claim 10 wherein each of said particles is essen- 
tially electrically conductive. 

12. The bulk powder material in accordance with 
claim 10 wherein the enzyme is a glucose oxidase. 



6 



EP 0 409 467 A1 




EP 0 409 467 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 90 30 7509 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category Citation of document with indication, where appropriate 
1 of — ■ 



WD-A-8902720 (STICHTING SCIENCE PARK GRONTNGEN) 

* page 11, line 24 - page 12, line 34 * 

* page 19, line 36 - page 20, line 4; claims 1, 
3. 28; figures 1. 3 * 

PATENT ABSTRACTS OF JAPAN 

vol. 9. (P-400)(9269) 26 October 1985, 

& JP-A-60 117143 (TOSHIBA K. K. ) 24 June 1985, 

* the whole document * 



Relevant 
to claim 



The present search report has been drawn up for all claims 



Fl»te of ttmxh 

THE HAGUE 



Dale of RunpMkm of IKr <rjn b 

24 OCTOBER 1990 



1, 3-9 



1-9 



CATEGORY OF CITED DOCUMENTS 

X : partfcofariy relevant If taken atone 
Y : particularly relevant if combined with another 
document of the same category 



CLASSIFICATION OF THE 
APPLICATION (Int. CU ) 



A61B5/00 
G01N33/48 



TECHNICAL FIELDS 
SEARCHED Gnt. CIS) 



G01N 
A61B 
C12M 



FxandRrr 

EPARLAR0 P.J.H. 



T : theory or principle andertviaft (be invention 
E - earlier patent document, bat punched on, or 

after the tiling datr 
I) : document dted la the application 
1. : oncorocot cited for other reason* 



O : non-nritten i 
P : intermediate document 



A : member of ih> *nmc patent family. correspondfao, 
document 



